JEST Journal Gr 


Bice The WBST Journal Group ts non-diecriminatory, apolitical, diversity inclusive, ethical, ISSN: O974 _— 8987 
Slt is in humility that we buil en Access Free, Peer-Reviewed Non Draft TUTE 
gets as 1 Be e2eec" i IJBST (2021), 14(8): 28-43 


EBSCO, PROQUEST, CABI, ROAD Indexed 


the fu "6 of owrr ZENODO DOI; PUBLONS Verified 
the future of the world" r+ 4 UNESCO MIL Alliance Member iieibeisig 
www.§bst.org Educational, Scentiie and 


comet nene" DOI: http://doi.org/10.5281/zenodo.5716127 
Antimicrobial Analysis of Traditional and Industrial Produced 


Vinegar 
Osuala, O.J;Ezemba, C.C?; Chude, C.03;Ezemba, A.S*; Anaukwu, C.° 
1-3 Department of Microbiology, ChukwuemekaOdumegwuOjukwu University Uli, Anambra State, NIGERIA. 
4-5 Department of Microbiology NnamdiAzikiweUViversityAwka, Anambra State, NIGERIA. 
constancechinyere790@yahoo.com, osualaoluchioo@gmail.com, co.chude@coou.edu.ng, cg.anaukwu@unizikedu.ng, 
ehmpeco@gmail..com 


Abstract 


The vinegar produced from different locally grown fruits and industrial produced vinegar was evaluated to determine its 
antimicrobial properties. Agar well diffusion method was used for this analysis. The antimicrobial activities of both locally 
and industrially produced vinegar were identified using different microbial isolates which includes Escherichia coli, 
Staphylococcus aureus and Candida sp using different extracts of the vinegar.The results of the antimicrobial analysis 
showed that the vinegar exhibit different activities on the clinical isolates. Concentrations of 500mg/ml, 250mg/ml, 
125mg/ml and 62.5mg/ml of the vinegar extracts were used. The aqueous and n-butanol extract of Vin A gave the highest 
zone of inhibition with a diameter of 19mm on Staphylococcus aureus at 5|00mg/ml concentration.The aqueous extract of 
Vin A gave diameter range of 15mm-19mm for 8. aureus and 11mm-17mm for Candida sp. n-Butanol extract gave the range 
of 10mm-12mm for E:coli, 12mm-19mm on S. aureus and 7mm-15mm onCandida sp. The ethyl acetate of Vin A gave a 
diameter of Imm and 10mm for Candida sp. The n-Butanol extract of Vin B gave the diameter of 10mm for Ecoliat 
500mg/ml, 6mm and 6Omm for S. aureus and 9mm for Candida sp. the aqueous extract of Vin C gave diameter of ranges 
within 8mm-limm for E.coli and 10mm on cCandida sp. The n-Butanol extract gave the range of 7mm-10mm on E£:coli 
8mm-12mm on S. aureus and 9-10mm on Candida sp. n-butanol extract of Vin D gave a diameter of 9mm for E.coli 10mm 
for staph and a diameter range of 7-11mm for Candida sp. The ethylacetate of the extract gave 7mm and 8mm for £:coli 
9mm and 11mm for Candida sp. The vinegars analysed exhibited bactericidal, bacteriostatic and no activity on the clinical 
isolates. 


INTRODUCTION preservation [8]. Vinegar has been reported to 
retard microbial growth and improve the sensory 


Vinegar is an ancient fermented food present and properties of foods. 


consumed by man since Babylonians period. 


Historically, speaking, vinegar has a history of Productions of vinegar are mostly carried at home 
more than 6000 BC. Vinegar is derived from French scale/ cottage industry using natural fermentation. 
word ‘Vin’ meaning wine and the word ‘aigre’ With respect to cider vinegar, the vinegar made 
meaning sour. The Holy Bible mentions it and it has from apple, the acetification is also carried out 
been used as a therapeutic agent [1]. There have naturally but is a slow process [A]. 


been many therapeutic benefits associated with the 
consumption of synthetic vinegar like decreasing 
the cholesterol and hypertension level. 


Vinegar is a solution of acetic acid produced by a 
two-step bioprocess. In the first step, fermentable 


sugars are transformed into ethanol by the 
Vinegar is defined as “a liquid fit for human action of yeast. In the second step, Acetic acid 
consumption that is produced from the appropriate bacteria (AAB) convert the ethanol into acetic acid 
raw materials of agricultural origin containing in an aerobic process [5]. Acetic acid is a carboxylic 
starch, sugars, or starch and sugars by the process acid with antibacterial and antifungal properties 
which involves double fermentation, alcoholic and found in Vinegar. During the fermentation process, 
acetous, containing a specified amount of acetic this acid slowly grows to become a non-toxic slime 
acid” [2]. Traditionally, it has been regarded as a that some people call the “mother”. The “mother” is 
natural food. Not only this, it acts as a preservative the dark, cloudy substance in unfiltered Vinegar 
because of its acetic acid content and consequently, that forms from naturally occurring pectin and 
lowers the pH of food and hence, help in residues. It typically appears as molecules of 
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protein connected in strand-like chains or appears 
to be webbed form. Its presence in the vinegar is a 
confirmation that the best part of the substrate is 
intact and that the vinegar is of the highest quality 
[5]. Microbial species involved in fermentations 
includes yeast, molds, lactic acid bacteria (LAB) and 
acetic (AAB). The 
microorganisms involved in vinegar production 
are mainly yeasts and AAB. The former being 
responsible for the alcoholic fermentation and the 
latter needed for the acetic acid production [6-8]. 
For cider production, the strains commonly used 
belongs to the species Saccharomyces cerevisiae 
or Saccharomyces bayanus and the choice of yeast 
strain to be used as starters could have a high 
impact on the flavor profile of fermented beverages 
[9]. The results from the study revealed that during 
fermentation of apple juice, the rate and content of, 
sugars, tannins, esters, methanol, ethanol and 
some of the quality 
characteristics that could be affected by the specific 
yeast strain. Acetic acid bacteria are present in the 


acid _ bacteria main 


volatile acids were 


environment and in the raw material, but cannot 
grow during alcoholic fermentation because of the 
anaerobic conditions but when the alcoholic liquid 
is exposed to oxygen, the acetic acid bacteria starts 
to grow on the surface [10]. According to the reports 
of Du Toit and Pretorius (2002), the most AAB 
growth was observed between pH 5.4 - 6.3, but 
growth can also be seen at pH values lower than 4 
[11]. Yamada and Yukphan. (2008) studies showed 
that the presence of AAB was usually found in 
substrates containing sugar and/or ethanol [12]. 
These substrates include fruits, food, flowers and 
fermented beverages, such as fruit juices, cocoa, 
wine, beer, cider, and vinegar. Although a variety of 
bacteria can produce acetic acid, mostly members 
of Acetobacter (Gluconoacetobacter) are used for 
commercial purposes, typically the aerobic 
bacterium A. aceti at 27°C - 37°C [4; 13-15]. The 
antimicrobial activity occurs as a result of the 
diffusion of the acidic molecules into microbial 
cells until equilibrium is reached, in accordance 
with the pH gradient, causing membrane 
disruption, inhibition of essential 
reactions, stress on intracellular pH homeostasis 


metabolic 
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and accumulation of toxic anions and ultimately 


death of microbial cells [16]. 


The aim of this research work is to evaluate the 
antimicrobial properties of the traditional and 
industrial produced vinegar 


MATERIALS AND METHODS 


The local and industrial vinegar samples produced 
using the method by Ezemba ef a/ (2021) was 
procured at Chychy Gilgal Ltd laboratory and 
consultancy services, Ichida [4]. The vinegar 
samples procured were labeled Vin A, Vin B and Vin 
C based on the raw materials used. 


Vin A = vinegar from combination of lemon, lime, 
orange, grape (all with the peel) 

Vin B= vinegar from combination of green and red 
apple with the peels bought from Awka 

Vin C= vinegar from vinegar from pawpauw, 
jackfruit, pineapple with peel and oranges 

Vin D= Bragg (organic) raw unfiltered apple cider 
vinegar with mother 


DETERMINATION OF ANTIMICROBIAL ACTIVITY 
USING AGAR WELL DIFFUSION METHOD 


The vinegar samples were fractionated into four 
fractions; n-hexane, ethyl acetate, n-butanol and 
aqueous fraction using solvent extraction All the 
fractions of the vinegar sample were used to test 
for the antimicrobial activity. The agar diffusion 
method was used on a solid sterile nutrient 
medium (Mieller Hinton agar-MHA) to test the 
antibacterial activity of apple cider vinegar on 
selected bacterial cultures. 


Cultures of £. coliand &. aureuswere grown in 
nutrient agar whereas C. albicans was grown in 
Sabouraud Dextrose medium. All cultures were 
cultivated and incubated at 37°C for 24h 
overnight prior to use. All microbial cultures were 
adjusted to 0.5 McFarland’s — standard 
(1.5 x 108 CFU/ml) of each organism used in 
experiments. Each microbe was swabbed evenly 
onto plates containing MHA and SDA (for fungi). 
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A cork borer of 6mm was used to bore holes on 
the agar plates that have already been seeded 
with the various organisms. Using micropipette 
0.1mls of the vinegar samples was poured into in 
the holes bored. The antimicrobial drug 
ciprofloxacin was used as a control. This method’s 
working principle is based on the fact that the 
antimicrobial agent diffuses in the medium and 
expands” radially, with 
decreasing as distance from the edges increases 
[17]. If the bacteria are susceptible to the action of 
the tested antimicrobial agent, it will not grow in 
the zone of its action. Therefore, after incubation, 
the zones of absence of growth are observed 
around the cylinder, so called the inhibition zones. 


its concentration 


The zones of growth inhibition were measured 
using a ruler and pair of dividers and the 
sensitivity of the bacterial strain to the tested 
vinegar sample were determined. Petri plates 
were incubated for 24 hours at a temperature of 
37°C and 72 hrs for fungi. 


TYPE OF ANTIMICROBIAL ACTIVITY 

This was carried out to determine the analysed 
vinegar activity (bactericidal/ 
fungicidal or bacteriostatic/ fungistatic activity). 
A small piece of agar was taken from the 
inhibition zone and added to the nutrient broth. 


antimicrobial 


Incubation was carried out 24h at 37°C for 
bacteria and 3days for fungi. If, after incubation, 
there is cloudy broth, it is considered that the 
vinegar is bacteriostatic/ fungistatic, while if, after 
incubation, the broth remains clear, the effect of 
vinegar is bactericidal/ fungicidal [17]. RESULTS 


ANTI-MICROBIAL ACTIVITY OF THE VARIOUS 
VINEGAR SAMPLES ON SELECTED CLINICAL 
ISOLATES 

This analysis was carried out to determine the 
effect of the vinegar some pathogenic 
organisms. The vinegar samples underwent an 
extraction process using some solvents which 
includes n-butanol, n-hexane and ethyl acetate. The 


on 


extracts were now used to test for the antimicrobial 
activities. 
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The vinegar samples used includes 


Vin A = vinegar from combination of lemon, lime, 
orange, grape (all with the peel) 

Vin B= vinegar from combination of green and red 
apple with the peels bought from Awka 

Vin C= vinegar from vinegar from pawpaw, 
jackfruit, pineapple with peel and oranges 

Vin D= Bragg (organic) raw unfiltered apple cider 
vinegar with mother 


From the result presented in Table 1, The aqueous 
extract of Vin A showed no inhibitory effect on 
Escherichia coli at the different concentrations but 
for Staphylococcus aureus gave an inhibition 
diameter of 19mm at 500mg/ml and 16mm for 
250mg/ml and 15mm for 125mg/ml and 9mm _ for 
62.5mg/ml while for Candida sp, at 500mg/ml, it 
gave 17mm, at 250mg/mL, it gave 15mm, 12mm at 
125mg/ml and 11mm at 62.5mg/ml. The n-butanol 
extract showed that at concentration of 125mg/ml 
it had the highest zone of inhibition with diameter 
of 12mm for Ecoli and highest for Staphylococcus 
aureus at 500mg/ml with 19mm and lowest with 
12mm at the concentration of 62.5mg/ml while for 
Candida, the highest zone was at the concentration 
of 15mm at 500mg/ml and lowest at 62.5mg/ml 
with 7mmThere was no activity for n-hexane at all 
concentration on all the isolates. The ethyl acetate 
extract was only active on Candidawith the highest 
zone of inhibition being at 500mg/ml with 12mm 
and the lowest as 125mg/ml with 9mm. 


Aqueous extract of sample B had no activity on any 
of the isolates at all the concentrations. The n- 
butanol had activity on £ coliat 5|00mg/ml with an 
inhibition diameter of 10mm and Staphylococcus 
with 8mm and Candida at 9mm at the same 
The had activity 
Staphylococcus at concentration of 62.5mg/ml with 
inhibition diameter of 12mm _ and Candida at 
of 250mg/ml with 
diameter of 9mm. N-hexane and ethyl acetate has 
no activity on any of the isolates at all the 
concentrations. 


concentration. extract on 


concentration inhibition 


For Vin C, the aqueous extract has activity on only 
the £. coli (11mm) and Candida (10mm) but no 
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activity on Staphylococcus aureus at the 
concentration of S500mg/ml. At 250mg/ml, the 
extract was only active o n £coli and all other 
concentrations didn’t have any activity on any of 
the organisms. The n-butanol had activity on the 
three isolates. The extract had activity on the E coli 
with 500mg/ml with 10mm as the inhibition 
diameter and lowest of 7mm at 125mg/ml. On 
Staphylococcus, the 5|00mg/ml gave an inhibition 
diameter of 12mm and the lowest at 250mg/ml with 
inhibition diameter of 8mm. On Candida, the 
highest zone of inhibition was found at 5|00mg/ml 
with an inhibition diameter of 15mm while it is 
lowest at 8mm in the concentration of 125mg/ml. N- 
hexane was active on only Candida at the 
concentration of 500mg/ml but was no active on 
any other isolates at any other concentrations. The 
ethyl acetate had no activity on any of the isolates 
at any of the concentrations. 


In Vin D, the aqueous and n-hexane extract had no 
activity but the n- butanol had activity on the E:coli 
at concentration of 500mg/ml with inhibition 
diameter of 9.5mm and Staphylococcus with 
inhibition diameter of 10mm and Candida sp at 
1mm. Candida sp at 250mg//ml and 125mg/ml is 
sensitive to extract with diameter of 8mm and at 
62.5mg/ml with inhibition diameter of 7mm. E.coli 
was sensitive to the ethyl acetate extract at 
concentration of S00mg/ml with inhibition 
diameter of 8mm and 9mm for the concentration 
at 250mg/ml . Candida sp is sensitive at 5|00mg/ml 
with inhibition diameter of 1Imm and at 250mg/l 
with ihhibition diameter of 9mm. 


Ciprofloxacin acted as the positive control with a 
diameter of 17mm and 16mm for Escherichia coli 
and Staphylococcusaureus respectively. Distilled 
water serves as the negative control with no zone of 
inhibition. 
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The vinegar activity was carried out to determine 


the type off effect that the vinegars have on the 
isolates. Only those that showed activity were 
subjected to ascertain the type of activity expressed. 
Aqueous extract of Vin A, exhibited a bactericidal 
effect at concentration of 500mg/ml, 250mg/ml, 
125mg/ml, 62.5mg/ for both Staphylococcus and 


Candida. The n-butanol extract exhibited 
bactericidal action on £ coli at concentrations of 
500mgml, 250mg/ml and 125.5mg/ml, on 


Staphylococcus and Candida at concentration of 
500mg/ml, 250mg/ml, 125mg/ml and 62.5mg/ml. 
Ethyl acetate extract exhibited bactericidal action 
on Candida sp at concentrations of 500mg/ml, 
125mg/ml and 62.5mg/ml. 


N-butanol extract of Vin B exhibited bactericical 
effect on the three isolates at concentration of 
500mg/ml and bacteriostatic effect on Candida at 
concentration of 250mg/ml. 


exhibited 
isolates at 


N-butanol sample C 
bactericidal E-coli 
concentrations of S000mg/ml, 250mg/ml and 
125mg/ml and the Staphylococcus at 
concentrations of S00mg/ml, 250mg/ml, 
125mg/ml, 62.5mg/ml and exhibited bacteriostatic 
activity on Candidaat concentrations of 500mg/ml, 
250mg/ml, 125mg/ml. the aqueous extract 
exhibited bacteriostatic activity on EF coli at 
concentrations 500mg/ml and 250mg/ml. 


extract of 


action on 


N-butanol extract of sample D gave bactericidal 
effect on Candida at concentration so 500mg/ml, 
250mg/ml, 125mg/ml, 62.5mg/ml. The ethyl acetate 
of sample gave a bactericidal effect on £ coli at 
concentration of 500mg/ml and _ bacteriostatic 
effect of 250mg/ml 
bacteriostatic effect on Candida at concentrations 
500mg/ml and 250mg/ml. 


on concentration and 
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Table 1: Anti-microbial activity of the various vinegar samples on selected clinical isolates 


Extract Extract concentration 


(mg/ml) Zones of inhibition (mm) 


Escherichia coli Staphylococcusaureus Candida sp, 
= MT see Oeee.—C—CLCU eS 

Aqueous 500 - 1942.0 1741.5 

250 - 16+1.0 1540.1 

125 - 1543.0 1240.5 

62.5 7 9+0.5 1141.3 
n-butanol 500 10+1.0 19+1.0 15+18 

250 8+0.5 18+2.0 10+0.9 

125 1240.1 1840.3 8+1.0 

62.5 - 1240.7 7+0.1 
n-hexane 500 = 7 = 

250 - - 7 

125 = = - 

62.5 - - 7 
Ethyl acetate 500 - - 12+0.5 

250 2 - - 

125 - - 9+01 

62.5 - 7 10+0.2 
Vin B 
Aqueous 500 - - - 

250 7 - 7 

125 = - - 

62.5 = 7 a 
n-butanol 500 10+1.0 8+0.8 9+1.0 

250 - - 9+1.5 

125 - - - 

62.5 - 1241.4 - 
n-hexane 500 - - - 

250 7 - - 

125 - - - 

62.5 - - - 


Ethyl acetate 500 - = S 
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Vin C 


Aqueous 


n-butanol 


n-hexane 


Ethyl acetate 


Vin D 


Aqueous 


n-butanol 


n-hexane 


Ethyl acetate 
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250 
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- 10+1.2 
12+0.3 9+0.6 
841.2 9+0.5 
8+0.7 - 
10+0.5 - 

- 10+1.0 
10+11 1140.2 
- 8+0.1 
- 8+0.5 
- 7+0.5 
- 11+1.0 
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250 740.2 7 9+1.5 
125 - - S 
62.5 - - a 
Ciprofloxacin 30g 19 18 


Distilled water - - 


Key : - no zone of inhibition 

Vin A = combination of lemon, lime, orange, grape (all with the peel) 

Vin B= combination of green and red apple bought from Awka 

Vin C=vinegar from pawpaw, jackfruit, pineapple with peel and oranges 
Vin D= Bragg (organic) raw unfiltered apple cider vinegar with mother. 

Vin A and C are locally Produced Vinegar from different fruit mix 

Vin B is locally Produced Vinegar from Apple purchased in the local market 
Vin D is sample of industrially produced vinegar 
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Sample Vinegars 


Fig 1: Mean plot of the zone of inhibition created by the vinegar samples on Escherichia coli 
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Sample Vinegars 


Fig 2: Mean plot of the zone of inhibition created by the vinegar samples on Staphylococcus aureus 
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Sample Vinegars 


Fig 3: Mean plot of the zone of inhibition created by the vinegar samples on Candida sp 
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Table 2: Determination of the type of antimicrobial activity of vinegar 


iii aa nny Zones of inhibition (mm) 
Escherichia coli Staphylococcusaureus Candida sp, 
Vin A 
Aqueous 500 ND - - 
250 ND - - 
125 ND - - 
62.5 ND - . 
n-butanol 500 7 7 - 
250 - - : 
125 - - - 
62.5 ND - z 
n-hexane 500 ND ND ND 
250 ND ND ND 
125 ND ND ND 
62.5 ND ND ND 
Ethyl acetate 500 ND ND - 
250 ND ND ND 
125 ND ND = 
62.5 ND ND - 
Vin B 
Aqueous 500 ND ND ND 
250 ND ND ND 
125 ND ND ND 
62.5 ND ND ND 
n-butanol 500 = - 
250 ND ND + 
125 ND ND ND 
62.5 ND - ND 
n-hexane 500 ND ND ND 
250 ND ND ND 
125 ND ND ND 
62.5 ND ND ND 
Ethyl acetate 500 ND ND ND 
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Ethyl acetate 500 = 
250 + 
125 ND 
62.5 ND 
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Key :- no microbial growth, + microbial growth, ND- not determined 


Vin A = combination of lemon, lime, orange, grape (all with the peel) 


Vin B= combination of green and red apple bought from Awka 


Vin C=vinegar from pawpaw, jackfruit, pineapple with peel and oranges 
Vin D= Bragg (organic) raw unfiltered apple cider vinegar with mother. 

Vin A and C are locally Produced Vinegar from different fruit mix 

Vin B is locally Produced Vinegar from Apple purchased in the local market 


Vin D is sample of industrially produced vinegar 


DISCUSSIONS 

Antibiotic resistance is rapidly becoming a major 
worldwide problem. There has been a steady 
increase in the number of pathogens that show 
multiple drug resistance, hence the need to 
explore more options in therapeutic handling of 
microbial infections. The antimicrobial analysis 
was carried out to determine the effect of the 
vinegars on certain pathogenic microorganisms 
which includes, Staphylococcus aureus, 
Echerichia coli and Candida sp. Solvent extraction 
carried out the active 
ingredients in the samples based on their 
polarities. In this study, the vinegar samples were 
partitioned using different solvent with different 
levels of polarity. The n-butanol is a polar solvent, 
the ethyl acetate is the moderately polar solvent 
and n-hexane is a non polar solvent and what 
remains after the partitioning is regarded as the 
aqueous. The different isolates react differently to 
the various partitions as can be seen in the 
results. 


was to accentuate 


The extracts were tested on the pathogenic 
organisms to determine the effect of the extract on 
the organisms. Each of the vinegar was extracted 
using ethylacetate, n-butanol, n-hexane and the 
aqueous extract was also tested. 


From the result obtained, aqueous extract of Vin A 
had an effect on Staphylococcus aureus and 
Candida sp at all concentrations but n-butanol 
extract was effective in all concentrations except 


62.5mg/ml. n-hexane extract had no effect on the 
organisms. Ethylacetate extract was effective on 
only Candida spat concentrations of 500,125 and 
62.5mg/ml. Ethylacetate, n-hexane and aqueous 
extract of Vin B had no effect on the organisms but 
n-butanol effective on Staphylococcus 
aureus, Echerichia coli and Candida sp at 
500mg/ml 62.5mg/ml. 
Aqueous extract of Vin C was effective on E.coli at 
concentrations of 500 and 250mg/ml and 
Candida sp at 500mg/ml but has no effect on 
effective at all 
concentrations on S.aureus. It was effective at all 
concentrations on E.coli except 62.5mg/ml and 
Candida sp except at 125 and 62.5mg/ml. n- 
hexane was found effective only on Candida sp at 
500mg/ml but not in any other concentration. 
Ethylacetate extract of Vin C had no effect on any 
of the organism. N-butanol extract of Vin D had 
effect on Candida sp at all concentrations but 
E.coli and S.aureus at 500mg/ml. Ethyl acetate 
extract was effective on E.coli and Candida sp at 
500 and 250mg/ml. This work is similar to the 
work of Tumane ef al (2018) who reported that 
apple cider vinegar has also been reported to 
posess potent antibacterial activity against gram 
positive and negartive bacterial strains [18]. From 


was 


and on  Saureusat 


S.aureus. n-butanol was 


the results on this work it can be said that the 
aqueous and n-butanol extracts of the vinegar 
gave higher antimicrobial effects than the other 
extracts analysed. Since n-butanol and water 
(aqueous) are polar solvents, it could mean that 
polar componenets of the vinegar have a have a 
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greater antimicrobial activity than the other 
components. 


This result agrees with the work of Chan ef al 
(2012) who recently reported that Matang wood 
vinegar displayed potent antibacterial activity 
against the strains of Gram-positive Bacillus 
cereus, Micrococcus luteus and Staphylococcus 
aureus, and Gram-negative Escherichia coli, 
Salmonella typhi, and Pseudomonas aeruginosa 
[19]. Chang and Fang. (2007) also reported 
antibacterial effect of rice vinegar on £:co/i [20]. 
The inhibition of microbial growth increases by 
lowering pH of the media, and _ most 
microorganisms are susceptible to antimicrobial 
effects in the presence of organic acids. This 
phenomenon is due to the hydrophobic feature of 
most organic acids, which allows free diffusion of 
the protonized form through cell membrane. This 
diffusion process takes place spontaneously due to 
pH and osmolarity gradients that exist between the 
inner and outer sides of the cell. The intracellular 
pH is higher than the extracellular, and the acid 
undergoes dissociation as soon as it enters the 
cytoplasm and then decreases the intracellular pH 
by releasing the proton. To counter the decrease of 
cytoplasmic pH, resulting from the ionization of the 
entered acid, the cell allocates the main part of its 
energy content to eliminate these newly formed 
protons which results in slower growth kinetics 
[21]. According to Hassan et al (2015) acetic acid 
shows strongest inhibition of fungal growth among 
other organic acids [21]. Earlier reports showed 
that the major components of organic acids and 
phenolics in wood vinegar can inhibit pathogenic 
fungi and bacteria [22-25]. In addition, in gram 
negative bacteria, the outer membrane acts as a 
selective permeability barrier in limiting or 
preventing the entry of many unnecessary or 
harmful chemical compounds into the bacterial cell 
[26]. According to the work of Yang et al (2016) 
the phenolics and minor organic acids contribute 
to the antibacterial activities of the wood vinegar 
from Litchi chinensis [27]. Apple cider vinegar is a 
commonly prescribed antifungal agent in folk 
medicine for treatment of fungal skin, ear and 
vaginal infections [28]. The antifungal activity of 
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apple cider vinegar might be attributed to its malic 


acid, acetic acid contents or to other non-identified 
ingredients. The mechanism of inhibition fungi 
growth by organic generally not 
considered a pH phenomenon. It is known that, 
growth and morphology of fungi are influenced by 
the pH of media [29]. Organic acids resulting a 
decreasing in pH value, this may influence the 
growth by acidifying the cell, which will consume a 
great amount of energy to maintain the 
intracellular pH homeostasis [21]. Acetic acid in 
vinegar is a particularly effective antimicrobial, 
because at a relatively high pH (pH 4.7=pKa of 
acetic acid) it exists primarily in its undissociated 
form and can enter the cell [30]. The properties of 
undissociated organic acids such as fat-solubility 
and neutral charge enable them to passively diffuse 
through the cell membrane of the target 
microorganism, in the cytoplasm the higher 
intracellular pH causes the acid to become 
dissociated, producing primarily hydrogen ions 
(H+), but also acetate ions (CH3COO-). These ions 
are toxic to the cell and interfere with cellular 


acids is 


processes such as enzyme activity, DNA replication 
and transcription, and protein expression, therefore 
effecting the normal growth of the microorganism 
[31-32]. Antibacterial mechanisms of vinegar are 
primarily due to its acetic acid content [33]. Other 
explanations have also been proposed including 
the membrane disruption, the interruption of 
metabolic reactions, and the accumulation of toxic 
anions [84]. The antimicrobial activity of organic 
acid is influenced by the target bacterial strains, 
temperature, pH, acid concentration and ionic 
strength [35]. 


The anti-microbial agents used to treat gram 
negative infections B-lactams, 
fluroquinolones, sulfamethaoxathoxazole and 
trimethroprin are becoming _ increasingly 
ineffective. Furthermore, antibiotic action itself 
can be problematic in terms of cell membrane 
permeability, intracellular inactivation and the 


suchas 


inability to reach intracellular structures in which 
organisms can hide. Alternative supplementation 
that can combat a plethora of microbes without 
concurrent side effects would be of significant 
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healthcare interest as the discovery of effective 
new antibiotic has been slow but should be a 
global priority [27]. Vinegar has been very helpful 
in cleaning and treating nail fungus, head lice, 
warts and ear infections. Consumers normally 
prefer the use natural preservatives for inhibiting 
the growth of food borne pathogens in food. Several 
problems might be encountered with antifungal 
drugs, first; resistance; as fungi may become 
resistant to antifungal drugs due to target gene 
mutations, enzyme modification or to development 
of pump system that expels the drug out of the 
fungal cell [86]. second; toxicity; as antifungal 
drugs systemic 
hepatotoxicity and nephrotoxicity. These problems 
necessitate searching for safer effective remedies 
with known antifungal activity [28]. 


can cause toxicities as 


Aqueous extract of Vin A, exhibited a bactericidal 
effect at concentration of 500mg/ml, 250mg/ml, 
125mg/ml, 62.5mq/ for both Staphylococcus aureus 
and Candida sp. The n-butanol extract exhibited 
bactericidal action on £. coli at concentrations of 
500mgml, 250mg/ml and 125.5mg/ml, onS.aureus 
and Candida spat concentration of 500mg/ml, 
250mg/ml, 125mg/ml and 62.5mg/ml. Ethyl acetate 
extract exhibited bactericidal action on Candida sp 
at concentrations of 500mg/ml, 125mg/ml and 
62.5mg/ml. 


N-butanol extract of Vin B exhibited bactericical 
effect on the three isolates at concentration of 
500mg/ml and bacteriostatic effect on Candida at 
concentration of 250mg/ml. 


N-butanol extract of Vin C exhibited bactericidal 
action on F£coli isolates at concentrations of 
5000mg/ml, 250mg/ml and 125mg/ml and the 
S.aureusat concentrations of §500mg/ml, 
250mg/ml, 125mg/ml_ 62.5mg/ml and exhibited 
bacteriostatic activity on Candida sp at 
concentrations of S500mg/ml, 250mg/ml, 
125mg/ml. The aqueous exhibited 
bacteriostatic activity on E.coli at concentrations 
500mg/ml and 250mg/ml. 


extract 


N-butanol extract of Vin D gave bactericidal effect 
on Candida at concentration so S00Omg/ml, 
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250mg/ml, 125mg/ml, 62.5mg/ml. The ethyl acetate 
of sample gave a bactericidal effect on £ coli at 
concentration of 500mg/ml and _ bacteriostatic 
effect of 250mg/ml 
bacteriostatic effect on Candida at concentrations 


500mg/ml and 250mg/ml. 


on concentration and 


This result agree with the work of Kalabaer al 
(2019) apple vinegar displayed 100.00% 
bactericidal activity against S aureus, and 
100.00% bacteriostatic activity against £ coli [17]. 
Whether vinegars with or without their peels will 
have bactericidal or bacteriostatic activity depends 
to a large extent on the acetic acid concentration in 
the vinegar, the incubation time and the number of 
surviving bacteria. The bactericidal activity of 
apple vinegar increases with temperature [17]. 
From the results, it can be seen that the vinegars 
showed antimicrobial properties hence, its use 
should be encouraged. 
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